Introduction
"The ultimate purpose of business is not, or should not be, simply to make money. Nor is it merely a system of making and selling things. The promise of business is to increase the general well-being of humankind through service, a creative invention and ethical philosophy." (Paul Hawken, 1993 ; The Ecology of Commerce) Environmental awareness and accountability are rapidly moving to the forefront of humanity"s consciousness. Naturally, the development of environmentally-responsible practices is increasingly evident.
Many businesses are in fact striving to alter their practices by taking environmental responsibility either voluntarily or due to regulatory pressures.
The healthcare sector is an area not often associated with burdening the environment. Nor should this association be a criterion upon which to base a "green" healthcare movement. In dentistry, particular research interest has been devoted to minimizing the environmental impact from mercury. Aside from mercury, to date there has been relatively little reported on dentistry"s other environmental pollutants. Excluding mercury, this report will outline many other environmentally-friendly alternatives and practices that can be implemented. "This sustainable approach to dentistry incorporates ecologically sustainable materials and practices that reduce the impact of medical procedures on the environment as well as protecting clients from toxic materials" (Desai, 2003 (Desai, -2006 .
Most dental offices are privately-owned small businesses and have no financial advantage to invest in many environmentally-friendly practices. There are no funds or grants available to assist in making an office "green". It is essentially up to the consciousness of the business owner. "Setting out to redesign or start up a business so that it does maintain a holistic relationship between economy and ecology, the ethical entrepreneur is handicapped financially since he bears the costs of the additional responsibilities he"s assumed."
(Paul Hawken, The Ecology of Commerce, 1993) . For this reason, more research is needed to find cost-effective environmental alternatives in dentistry.
Purpose Statement of Project
The purpose of this project is to raise widespread awareness of environmental alternatives in the dental community and to stimulate action based on the recommendations made. This is achieved by first assessing the typical environmental impact from five dental offices.
Comparisons are then made to one possible "green" model using a methodological approach based on quantitative and qualitative research. A "green" list of practical eco-friendly recommendations will then be generated. This will facilitate the adoption of positive changes to minimize dentistry"s environmental impact and to promote a leading role for dentistry in environmental stewardship. As such, this project is intended for the consumption of both the dental and the general community.
Boundaries of Project
The scope of this project will be limited to three dental offices in the City of Waterloo, one dental office in Haldimand County, one dental office in the City of Oshawa and one future dental office in the County of Perth that will begin its operation in the spring of 2007. The data will be collected over a typical work week. This research will exclude the environmental impact from the use of mercury in dentistry. Given the small scale of this project, both in terms of funding and manpower, this project is meant to be an initial foray into the area of eco-friendly dentistry.
Target Audiences
A variety of eco-dentistry guidelines and alternatives will be presented in this paper. It is our intention that these "green" recommendations be made accessible to each and every dentist in the world. To achieve this, this paper will be submitted to the Journal of the Canadian Dental Association (JCDA) for publication.
The Importance of Eco-friendly dentistry
It is our belief that there should be no such term as "environmentalists." To refer to a segment of society who cares about the health and welfare of the planet as such is akin to using the term "human rightists" for those who show compassion and offer aid to their fellow human beings.
It has been said that it is not possible to have healthy people on a sick planet. Reducing waste, changing patterns of consumption and limiting the amount of adverse chemicals entering the breathable air of a dental office are achievable and realistic goals. This project will demonstrate that though the non-mercury related environmental impact of dentistry is not abundantly documented, it is nevertheless worthy of the profession"s attention.
Aim of the Study
The aim of the study is to present tangible consumption data (e.g., number of patient bibs used per year) to dentists in private practice so that the environmental cost of routine dental practice can be highlighted. Given concrete data (e.g., number of trees saved), it is hoped that dentists will be catalyzed to adopt if not all, many of the recommendations from the "green" list.
The following four key questions will be addressed in this project:
By using the "Environmental Assessment Questionnaire," what is the non-mercury related environmental burden from a conventional dental office?
In comparison, what is the non-mercury related environmental burden from a prospective "green" dental office?
Based on the obtained results, can eco-friendly dental practices be universally recommended?
In what ways can a typical dental office implement sustainable environmental practices?
Background Information on Eco-friendly dentistry
Eco-friendly dentistry is an approach to dentistry that implements sustainable practices by keeping resource consumption in line with nature"s economy, by safeguarding the external environment by virtue of eliminating or reducing outgoing wastes and by promoting the well-being of all those in the clinical environment by conscious reduction of the chemicals in the breathable air. 
Literature Review
Eco-friendly dentistry is a relatively new term and an emerging concept in dentistry. It is part of a larger movement towards ecologically-sustainable healthcare. In dentistry, a large volume of research has been devoted to the environmental aspects of mercury.
And rightly so given that mercury is a significant environmental pollutant. Recently, more attention has been given to other sources of environmental pollutants in addition to mercury. More recently, the term "Eco-dentistry" has been pioneered which has taken dentistry beyond the point of preventing pollution to a place of promoting sustainability.
Pockrass F, Pockrass I. Journal of Ecologically Sustainable Medicine, Symbiosis, 17. "Eco-dentistry": A model of mercury-free dentistry.
To date, there has been no published data on the quantitative benefits of an eco-friendly approach to dentistry. It is an accepted social meaning that to act environmentally sound is preferable to being an ecological liability but how much difference is it really making if an office recycles paper, plastics and uses energy-efficient lights? Can a valid comparison be made between conventional models and a new "green" one?
That is precisely the research objective of this paper. We believe this is the first published investigation of its kind. Given the limited financial and human resources of this project, it is meant to be an initial attempt to derive quantitative data, however limited in its scope.
The area of eco-friendly dentistry is in great need of more research in the area of economical analysis of traditional versus a "green" dental model. Furthermore, many of the survey items may be expanded into individual research projects.
Methodology
o All dental offices are in Ontario, Canada.
o Five conventional dental offices were selected.
o Three of the five dental offices were in the Region of Waterloo. o The basic purpose of using the "Environmental Assessment Questionnaire" to conduct interviews was to understand the consumption patterns of five conventional dental offices so that a thorough comparison can be made between a conventional and a "green" dental practice. Furthermore, the data was divided into three main categories: consumption, breathable air, and waste management. Each of the questions was placed in one of these categories. "Green" alternatives were proposed for each category.
The research went very well. Initially, I contacted more than 10 dental offices in the Region of Waterloo. I collected a booklet that contained contact information of dental offices in the Region of Waterloo from the University of Waterloo"s Dental Plan Office. Based on that, I contacted dentists randomly by phone. I gave them a brief introduction about who I am, why I am calling, and what the purpose of the study is. Almost all of the dental offices I contacted were extremely receptive because they were keen on helping me out as this project was a critical requirement at the University of Waterloo. On the whole, they were helpful and I did not have any problems. 
Analysis and Discussion
Volume and Conversion Scale:
Every private general dental office has a differing volume of dental services rendered. This volume depends ultimately on the number of dental patients treated per day. To make our data more meaningful to all private dental offices, we chose a baseline volume of patients such that any dental office could create a simple conversion scale to make the results of this study approximately The average number of papers in a typical chart between the five conventional dental offices is 12.3. The "green" model would use 6 papers in a typical chart. The difference between the dental offices is 6.3 (12.3 -6). For a 2000-chart dental office, at any one time 12,600 papers can be saved in a digital office.
This corresponds to the following:
According to Save-A-Tree, "Environmental savings for using 151
Lbs. of Save-A-Tree paper" include:
Trees Saved 
Average number of patient bibs used per day
One conventional patient bib comprises of 1 or 2-ply (or even 3-ply) paper plus 1-ply plastic. The average number of patient bibs used per day between the five dental offices is 25.5. For a 200-day work year, 5100 (200 * 25.5) pieces of paper are consumed and discarded into land fills each year of practice. Due to biohazard contamination, these papers are not recyclable and thus directly contribute to landfills. In addition, it is not readily possible or practical to separate the plastic from the paper.
Consequently, over a 30-year career, over 150,000 bibs (paper and plastic) will burden landfills (see Appendix).
The "green" model would not use patient bibs. As mentioned above, O.R. cotton towels are used to wrap the instrument cassettes throughout the sterilization process and serve as a sterile packaging for the cassettes awaiting usage. Each patient seen will require an instrument cassette which comes wrapped in an O.R. cotton towel which can now serve as the patient bib.
After the patient"s visit, the soiled O.R. cotton towel is appropriately stored as soiled laundry. Then the O.R. cotton towels may be washed and dried using a heavy-duty washer and dryer either on-site (using eco-friendly laundry agents) or through a laundry service. The cleaned and dried O.R. cotton towels will re-enter clinical service at the point of serving as a wrap for the washed instrument cassette. At this point, they
are bagged with the cassette and sterilized, ready for clinical use again.
Are paper bibs 2-ply or 1-ply?
If the paper bibs are 2-ply, then 10,200 pieces of paper will be discarded into landfills each year, over 300,000 in a 30-year career.
Electricity

Electricity consumption as per one load of wash
The environmental trade-off for not using paper bibs is the need to use electricity, water and cleaning agents for the O.R. towels in the process of washing them. The other five dental offices are not using these resources for this purpose. However, electricity, water, trees and other resources are used to make paper bibs, though these are "hidden" consumables in the everconsuming society in which we live. The "green" model would be using an Energy Star washer (Kenmore Elite E3 3.8 Cubic Feet Washer).
Electricity consumption as per one load of dry
In the same way, the "green" model would need to use a dryer. A conventional dental office does not need to use a dryer. Here only electricity and not water and cleaning agents are being consumed. The "green" model would be using an Energy Star dryer (HE4 Kenmore 7.0 Cubic Feet Front Load Dryer).
Types of light bulbs
The conventional dental offices use fluorescent and halogen The "green" model would employ fluorescent lighting wherever practical. Care must be taken in using compact fluorescent lighting in areas where a common mishap could result in a fracture of the bulb and possible release of mercury from inside the bulb. In addition, these bulbs must be properly recycled.
Types of computer screens
The conventional dental offices use Cathode-Ray Tube (CRT) and Liquid Crystal Display (LCD) computer screens. The "green" model would employ LCD screens. The energy consumption of CRT versus LCD computer screens is as follows:
Energy Consumption
Source: http://savingenergy.wordpress.com/page/2/ Water
Type of dental vacuum pump
There are three types of dental vacuum pumps: "water-consuming", "water-recycling" and dry. In our survey, water-consuming and water-recycling, collectively termed "wet" vacuum pumps are used.
We were not successful in distinguishing which of the two "wet" vacuum pumps are used in a given dental office. The "green" model would use a dry dental vacuum pump. Completely insensitive.
Water usage from dental vacuum pump
Consumes same power for all colours on screen.
Brightness setting sensitivity
Moderately sensitive. Consumes more power at higher brightness.
Sensitive. Consumes higher power for higher brightness.
Contrast setting sensitivity
Less sensitive. (Almost insensitive when brightness setting is low.)
Completely insensitive.
Consumes same power for all contrast.
Consumption when turned off from computer power settings 2 W 0 W
Source:
https://decs.nhgl.med.navy.mil/DMNOTES/dentalvacuumsystems.pdf
The eco-friendly model saves over 1,600 gallons of water per year, or roughly the equivalent of 12,000 500ml-bottles of fresh potable water using a dry dental vacuum pump as opposed to wet and water-recycling dental vacuum pumps used by conventional dental offices.
Given the severe waste of clean water resulting from "waterusing" and to a lesser extent the "water-recycling" vacuum pumps, it is a strong recommendation of this paper that clinics switch to dry vacuum models. The economic savings from such enormous reduction in water consumption would be an interesting investigation, one which is beyond the scope of this paper. 
Average number of bibs used per day
As outlined above, the "green" model would use O.R. towels, not patient bibs. From our survey, 5,100 pieces of plastic (back of bibs) are consumed each year. This totals over 150,000 pieces of plastic in a thirty-year career. All such plastics contribute directly to landfills, as biohazards preclude the possibility of recycling.
X-rays
In our survey, all the conventional dental offices used traditional film x-rays. This technology has two significant environmental considerations: silver and lead pollution.
Silver is a heavy metal that can enter our water system if improper disposal of dental x-ray fixer occurs. Discarding used solutions down the drain must and can be avoided. This source of water pollution is a cause of concern that can be easily addressed. There are services for dental offices to recycle used radiographic fixer. Contact the supplier of the fixer about a take-back and recycling program (Hiltz, 2006) .
Another common source of silver which can enter our landfills and water systems is undeveloped film. Such items contain toxic untreated silver which can be safely disposed by an approved waste carrier or supplier (Hiltz, 2006 ).
Lead pollution is another possible outcome of traditional x-rays.
Lead is known to have adverse health effects on both children and adults, even at low doses. Like mercury and silver, lead is toxic and persists in the environment (Hiltz, 2006) . As with silver, reducing the environmental burden is readily achieved.
Lead foil which envelops the actual film must not be disposed to the general waste system. The lead contained in the foil can be leached from the landfills if no leachate collection system is in place (Tsuji et al, 2005) . Lead foil packets can be collected in a container that is provided by an approved waste carrier or supplier.
The "green" model would employ digital radiography. As an effective environmental alternative to traditional film-based xrays, digital x-rays do not employ silver or lead.
Average # of x-rays performed per day
It is a great environmental concern if the source of lead contributes to landfills, especially those without leachate collection systems. From our survey, the average number of xrays taken per day is 21.5. In a 200-day work year, that amounts to 4,300 lead foils consumed. It is encouraging to see that three out of the five clinics in our survey do in fact recycle the lead. It is highly recommended that all dental clinics using traditional x-rays which do not recycle lead begin to implement this important and easy step. To the best of our knowledge, this is a very under-researched aspect of possible workplace pollution in the dental environment.
Further research into this area may be warranted.
Average # of developer and fixer bottles used in a month
From our survey we found that on a monthly basis, 1.5 bottles (4-L) of each fixer and developer solutions were consumed. Given that the "green" model does not consume these solutions, or actual x-ray film, or many other recurring costs, a long-term cost comparison of traditional versus digital radiography would be an interesting area of investigation. The following link maybe used for this purpose:
http://www.idexx.com/animalhealth/digital/cr/economics/index.jsp.
Breathable Air:
1. What type of surface disinfectants are used in the office?
In our survey various surface disinfectants were utilized (see Chart under Results). Among these agents used in conventional dental offices, the following are some of the active ingredients: 
Type of flooring in non-clinical and clinical areas
In our survey, we found the following types of flooring used in clinical and non-clinical areas: rugs, linoleum, hardwood, and vinyl.
Vinyl carries with it some unenviable properties with respect to contributions to the breathable air and to the environment as a whole. The following is a summary:
The manufacturing of vinyl creates poisons including dioxin, vinyl chloride and ethylene dichloride, which can influence the general environment surrounding the production factory.
Non-renewable petroleum is the basic building block of a plastic such as vinyl. As such the oil required to manufacture vinyl usually travels thousands of miles to get to North America. This makes vinyl a raw material burden and significantly raises its total energy cost.
In regards to the breathable air, once installed, vinyl may off-gas harmful compounds (such as lead, cadmium and phthalate plasticizers) for years.
At the end of its useful life, vinyl will not bio-degrade in 
Source:
Environmental LCA of four types of linoleum, vinyl, wool carpets and synthetic carpets. Utrecht University"s Department of Science, Technology and Society. The Netherlands, 1993.
Type of paint
VOCs are a major category of pollutants which exert a significant adverse affect on our breathable air. Their toxic and carcinogenic human health effects are also well documented (Elbir et al, 2006) .
In our survey, all five dental offices were using conventional Waste Management:
1. Is paper from autoclave bags recycled?
In our survey, four offices did not recycle the paper from autoclave bags. Soon after the survey, one office began to recycle the autoclave bags immediately. Again, using the Blue Bin program, the "green" model would recycle the paper half of the autoclave bags.
Is paper recycled?
Four out of the five offices surveyed recycled paper. The "green" model would recycle all paper used including shredded paper.
Is recycled paper used?
Two out of the five offices surveyed used recycled paper. The "green" model would only use 100% recycled paper.
While it is part of the accepted social meaning that recycling is a worthy endeavour, it may be helpful to examine some tangible data. 
Is plastic from autoclave bags recycled?
None of the five offices surveyed recycled their plastic autoclave bags, however, as previously mentioned, upon hearing that this recycling was easily achieved using Blue Bins, plastic recycling was immediately implemented in one office. The "green" model would employ Blue Bin recycling for the plastic half of the autoclave bags.
Are developer and fixer solutions recycled?
From our survey, four out of the five offices do recycle their fixer and developer solutions. The importance of this has already been discussed above. The "green" model would employ digital x-rays which do not require the use of developer and fixer solutions.
Are biohazards managed by a biohazard company?
Biohazards include materials capable of causing disease or suspected of carrying microbes which could include blood-soaked gauze, tissues and syringes, but not extracted teeth (Hiltz, 2006 ).
In our survey, four out of the five offices do employ the services of a qualified biohazard company for proper disposal of this routine dental waste product. The "green" model would employ the services of a biohazard company.
How many garbage bags (10L) are filled/day?
The intent of this question was to investigate if any positive correlation existed between offices that did recycle paper and plastics to the fewness of the garbage bags used. No correlation could be determined. This was due to the fact that data collection for this question was non-uniform as certain offices had their garbage managed not by staff but by a general cleaning staff.
Is lead foil from x-rays recycled?
From our survey, three out of the five offices did recycle the lead foil. Interestingly, one office gave the lead foils to a patient who did better than recycling; he reused the lead to make bullets. Again, the "green" office would employ digital radiography which does not use lead foils. 
Are recycled or biodegradable sundries being employed?
This question also arose after the surveys were completed. In routine private practice, numerous sundries are consumed that perhaps do not enter ones consciousness. For example, disposable cups (eg. Dixie), paper towel, toilet paper. "Green" alternatives such as bio-degradable disposable cups and chlorine-free, high post-consumer recycled content paper products are readily available (www.greenshift.ca) and would be used by the "green" model.  Use LCD instead of CRT computer screens.
Green Recommendations
 Use a dry instead of a wet dental vacuum pump.
 Use the Blue Bin recycling program to recycle separately the paper and plastic halves of one autoclave bag.
 Use digital radiography instead of traditional film-based xrays.
 If using traditional x-rays, recycle fixer and developer solutions and recycle lead foil from x-rays.
 Consider using less harmful surface disinfectants in dental offices such as tea tree oil and thyme.
 Use linoleum as it is the environmental choice for flooring.
 Use an ultra-low VOC paint. 
Conclusion
Eco-friendly dentistry is not merely a "feel good" endeavour. There is over-whelming evidence of global climate changes and the finite capacity of our planet"s eco-system to absorb further depletion and degradation (Keller, 2007) . If environmental degradation was a stock, the industrial nations would be the primary share-holders. Thus, it is an ethical duty for the western world to play a primary role in developing sustainable solutions.
Healthcare Environet (2007) Despite the numerically small but influentially significant isolated popular media reports which have and may continue to contradict volumes of solid evidence supporting global warming, it is incumbent on a profession that prides itself on evidence-based practices to reflect and act on the most current evidence. It is up to the conscious of each member of the dental community to implement practical eco-friendly changes to old, unsustainable consumption patterns.
